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SUMMARY 

D e t a i l  c a l c u l a t i o n s  a r e  presented  o f  the  s h i f t s  i n  
s t i c k - f i x e d  n e u t r a l  po in t  lof the  Fepubli c XF-12 a i rp l ane  
due t o  t he  w i n d r i l l i n g  prorJe l le rs  a r d  t o  t h e  fuse l age .  
The r e s u l t s  of t h e s e  c a l c u l a t i o n s  d i f f e r  scrrewhat from 
those  p rev ious ly  nade f o r  t h i s  a i r p l a n e  by Republic 
Avlatfon Sorpqra t ion  personnel  under  the  d i r e c t i o n  o f  
Langley f l i g h t  d i v i s i o n  ?ersonneli-: Due t o  t h e s e  d i f f e r -  
ences the neut?.-!. po in t  for ths a i ru la r ;?  i s  p r e d i c t e d  t o  
be 37.8 .nercent near! : , s r*~dy~~amic  c h o r d , i n s t e a d  o f  
LcO.8 p e r c e n t  mean aerodynamic chord a s  p rev ious ly  reporte-.  

I M T RODTJ !3 T I 0 N 

A t  t h e  reques t  of the  Army A i r  Forces ,  Air Teckinical 
Serv ize  Comanc, t h e  fo l lowing  r e s o r t  h a s  been nrepared  
descri-hLng i n  d e t a i l  the methocis used i n  e s t i m a t i n g  the  
shift i n  s t i c k - f i x e d  n e u t r a l  p o i n t  due t o  the TvinCniliing 
p r o p e l l e r  and t o  the fuse l age ,  Because t h e  o r i g i n a l  c a l -  
c u l a t i o n s ,  which were made by Republic Aviat ion Corporat ion 
pe r sanne l  under t h e  d i r e c t i o r ,  o f  Lsnglay f l i g h t  d iv i s i c r?  
personnel ,  were i n  t h e  p o s s e s s - f ~ n  o f  the Republic compzlzy 
I t  VJZS necessary  i n  preparin;  the r e p o r t  t o  r e p e a t  t h e  
ca lc i - i la t icns ,  These check c a l c u l r t i  ons i n d i c a t e  seve;7al 
d i s c r e n a c c i e s  ?n the  o r i g i n a l  c a l c u l a t i g n c  which a r e  
noted  i n  t h f s  r e ? o r t .  
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Senera l  p r a c e d u r e .  - The proc4dure  .;sed i n  ca l cu la t zng  
the n e u t r a l  po in t  of ar, a ’ i q l a n e  i s  t o  c a l c u l a t e  the  
s h r f t  i n  n e u t r a l  po in t  due t o  each  component and then t o  
determine the  c e n t e r - o f - z r a v i t y  p o s i t i o n  a t  which t h z  
r e s u l t a c t  o f  a l l  the  s h i f t s  i n  n e u t r a l  p o i n t  i s  equa l  t o  
z e r o .  Ap2l ica t ion  o f  t h i s  ?rocedure t o  t h e  XF-12 air- 
plane i s  i l l u s t r a t e e  i n  f i g u r e  2 where the  s h i f t  i n  
n e u t r a l  po in t  d i i e  t o  each of t he  coxponents considered 
i s  3 , lot ted aga ins t  cen te r -o f -g rav i ty  p o s i t i o n .  

I n  a procedure equ iva len t  t o  de te rmining  the  c e n t e r -  
o f - g r a v i t y  p o s i t i o n  s t  which t h e  r e s u l t a n t  of t h e  n e u t r a l  
9 o i n t  shifts i s  zero,  the nega t ive  of the r e s u l t a n t  o f  
a l l  the  va lues  o f  f o r m r d  n e u t r a l - p o i n t  s h i f t  i s  plotted.  
ZgaFnst zen te r -o f -g rav i ty  p o s i t i o n  ( c u r v e  1, fig. ,2), 
and t h e  n e u t r a l  c o i n t  i s  e s t a b l i s h e d  a s  the cen te r -o f -  
g r a v i t y  p o s i t i o n  a t  w h i c h  t h i s  curve i n t e r s e c t s  t h e  r e s u l t -  
a n t  o f  all ths values  o f  rearward n e u t r a l - p o i n t  s h i f t ,  
Ivhicti i n  t h i s  case i s  the shift due t o  the h o r i z o n t a l  
t a i l  ( c u r u e  5 ) .  

I t  will be n o t e d  t h a t  t h e  > resen t  c a l c u l a t i o n s  i n d i -  
c a t e  the  n a u t r a l  po in t  t o  be a t  37.8 percent  mean aero-  
dynanic chord ?ns t ead  of bO.8 Tercent  mean aerodynanic 
chord as no ted  i n  r e fe rense  1. The sources of t h e  
s r p o n e o m  va lues  giveil  i n  r e f e r e n c e  I sre i n d i c a t s d  Tn 
the  fol lowing s e c t i o n s  d e s c r i b i n g  the  d e t a l k c  c a l c u l a -  
t i o n s  o f  t he  s h i f t s  i n  n e u t r a l  p o i n t  due t o  t he  p r o p e l l e r  
and the  f u s e l a g e  and n a c e l l e s .  

P r o p e l l e r  m3ments.- The m u t r a l  point s h i f t  due t o  
t h e  normal f o r c e  ofi t h e  wlndmil l ing p r c p e l l e r s  i s  g ivzn  
by t he  ex?res.;ion 

r a t e  o f  changi., of ugwash with angle o f  a t t a c k  
a t  the progel l3 : r  9lari:: 

r a t e  o f  changi., of ugwash with angle o f  a t t a c k  
a t  the progel l3 : r  9lari:: 
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1 n 

D 

h o r i z o n t a l  d-istance from t h e  c e n t e r  of g r k v i t y  
t o  t he  pro ,pe l le r  p l ane ,  f e e t  

p r o p e l l e r  d i a n e t e r ,  f e e t ,  

r a t e  o f  change of  p r o p e l l e r  normal fopce w i t h  
p r o p  angle  of  a t t a c k  of t h r u s t  a x i s ,  p e r  r a d i a n  tYQ* i n  re fe rence  

The a i2pl ica t ion  o f  t h i s  expres-s ien t o  t h e  XF-12 a i r p l a n e  
i s  i l l u s t r a t ? d  I n  t a S l e  I ,  u s i n g  a value o f  
s?ondin,g t o  a cen te r -o f -g rav i ty  l o c a t i o n  o f  LO. 8 pe rcen t  
mean aerodgnar ic  chord ,  and i n  f i g u r e  2 t he  v a r i a t i o n  o f  
t h i s  neut r>a l -?o in t  sh i . f t  w i t h  c e n t e r - o f - g r a v i t y  position 
i s  h e - i c a t e d  ( cu rve  L) , 

cor re -  z? 

The a d d i t i o n a l  s h i f t  i n  n e u t r a l  po in t  eue t o  the  
doimw’7ish f r o r  t h e  windmll l ing p r o p e l l e r s  i s  assm-ed t o  
be gLven by  the approxiya te  e x s r e s s i o n  

‘ThFs e x p r 2 s s i o n  i s  d e r i v e d  by c a l c u l a t i n g  t h e  ab,:.n- 
wash IE +,ne s l i p s t r e a m  from momntum c o n s i d e r a t i o n s ,  m d  
refPJc3ng t h e  va1u.s by an ert lpirical  c o e f f i c i s n .  t o  t a k e  
i n t o  account  t h e  e f f e c t s  o f  t h e  Bring, f u s e l a g e ,  and 
Dther  f a c t o r s  o n  t h e  p r o p e l l e r  downwash. 

I n s e r t i n g  t h e  values  cor responding  t o  a cen te r -o f -  
g r a v i t y  ;cost  t i o n  o f ’  L.O.8 pe rcen t  mean aerodynamic chord 

7 1 3  Leis value d i f f e r s  by 9.032 from t k e  s h i f t  o f  0.062 
quoted i n  r e fe rence  1. I t  i s  d i f f i c u l t  a t  t h i s  t i m e  t o  . 

determine the source  of t h e  d iscrepancy  d.ue t o  t h e  f a c t  
t h a t  t k e  o r l g i n a l  z a l c u l a t i o n s  are i n  t h e  possesslgc of  
the  ? . e p . k I t c  con?:jang. I t  app$a r s ,  however ,  frg!:i t h e  
magnitzde of  the d.iscregsncg t h . t  t h e  f a c t o r  



was omitted i n  the o r i g i n a l  c a l c u l a t i o n s .  [1 - raaJ 
The co r rec t ed  v a r i a t i o n  o f  the  n e u t r a l  p o i n t  s h i f t  due 
t o  pFopel le r  c i o ~ ~ w a s h  with c s n t e r - o f - g r a v i t y  pos i t io r?  i s  
i n d i c a t e d  as  curve 2 ,  f i g u r e  2 .  

Fuselage and na?eells noments.- The s h i f t  i n  s t i c k -  
f ixed-neut ra l  po in t  due t o  a fu se l age  o r  n a c e l l e  i s  g iven  
by the  express ion  

s c  5 
da 

where 

4 dynamic ? r e s s u r e ,  pounds p e r  square  f o o t  

u c! wing area, square f e e t  

c rwan h e ' m d g n a r t c  chor:l, f e e t  
: 

lJ - wlng l i f t L c u r v e  s l 9 p e ,  p e r  r a d i a n  
d U  

- I  

r s t e  o f  change of p i t c h i n g  moment o f  flLselage o r  
b n a c e l l e ,  p e r  r sd i an  

From re fe rence  2 - - i s  given by t h e  express ion  

b f u s e l a g e  o r  nace l l e  v i d t h ,  f e e t  

r J  3 
L L  I-' 
_. r a t e  of change o f  a i r  floyp i n c l i n a t i o n  from a i r 2 l a n e  dU axts with angle g f  a t t z c k  
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x 6.istance a long  X-axis o f  f u s e l a g e  or n a c e l l e ,  f e e t  
l c u l a t i o n s .  

, l i f t  due 
a s i t t o n  i s  

i n  s t i c k -  
l e  i s  g iven  

The i n t e g r a l  i s  taken along t h e  e n t i r e  l m g t h  of 
t he  fuse l age  o r  n a c e l l e .  Ahead o f  the  wing, va lues  

of  2 a r e  given by t h e  curves of f i g u r e  8 ,  r e f e r e n c e  1. 
Behind t h e  wing,the value o f  i s  assumed t o  vary 
l i r t e a r l y  with d i s t a n c e  from a va lue  of zero a t  t h e  wing 
t r a i l i n g  edge t o  a va lue  of 1 - - 

dU 
p o i n t  of  t h e  h o r i z o n t a l  t a i l .  
edge and t r a i l i f i g  edge the  va lue  o f  
be zero.  

da 

1 a t  the  nean r c h o r c ?  

d U  i s  a s s w e d  t o  
setween the  wing l e a d i n g  

t 

The e v a l u a t i o n  o f  the i n t e g r a l ,  fb2@) dx, i s  
accomplished by d i v i d i n g  the  f u s e l s g e  and n a c e l l e s  f c t o  
s e c t i o n s ,  as  i n d i c a t e d  i n  f i g J r e  1, and c a l c u l a t i n g  t h e  

2 dp va lue ,  b (z) Ax, for each s e c t i o n ,  u s i n g  an average 

for t h e  s e c t i o n  d i r e c t l y  ahead i q t e g r a t e d  va lue  o f  da 
o f  t h e  wing ( s e c t i o n  I i n  f i g u r e  1) an6 u s i n g  average 

va lues  o f  3 for the  other  s e c t i o n s .  The r e s u l t a n t  da 

value of / ) b  2 d,)dx 3p i s  t hen  ob ta ined  by summing up the  
t 

values  f o r  tll t ne  s e c t i o n s .  Using t h i s  prbsedure 
d e t a i l e d  c a l c u l a t i o n s  f o r  t h e  XF-12 a i r p l a n e  a r e  i n d i c a t e d  
i n  t a b l e s  I1 and T I I *  

i se lage  o r  

- e s s ion  Table I V  g ives  d e t a i l e d  c a l c u l a t i o n s  o f  t h e  e f f e c t  
o f  t h e  n c c e l l e s  on t h e  wing which, acccrd ing  t o  page 12 
o f  r e f e rence  2,  i s  given by the  express ion  

whe r e  

n a c e l l e  w i d t h  a t  w5ng l e a d i n g  edge %.E. 
r iace l le  wldtki a t  n id-chord s t a t i o n  'middle rorn s i r2lan.e  
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c wing chord  2 t  nace l l e  p o s i t i o n  

Cornbining a l l  t he  va lues  o f  - da - as  shown a t  the (""> 
end of t a b l e  IV, a s h i f t  i n  n e u t r a l  po in t  o f  0.095 i s  
i n d i c a t e d ,  vh ich  d i f f e r s  s l i g h t l y  from the  va lue  o f  0.087 
p l o t t e d  i n  f i g u r e  2 cf r e fe rence  1; i t  appears from the 
nagni tude of' t h i s  d i f f e r e n c e  that t he  e f f e c t  o f  the  
n a c e l l e s  on thg wicg,  cc?..lculsted i n  t a b l e  I V ,  was neg- 
l e c t e d .  

CONCLUS I O b G  

Check c a l c u l a t i o n s  o f  t h e  s h i f t  i n  s t i c k - f i x e d  
ne l ; t ra l  po in t  due t o  the fuse l age  and t o  t h e  wicdmil l ing 
p r o p e l l e r s  of t h e  Republic XF-12 a i r p l a n e  have i n d i c a t e d  
s e v e r a l  errors i n  t h e  o r i g i n a l  c & l c u l a t i o n s .  The check 
c a l c u l a t i o n s  i n d i c a t e  the p r e d i c t e d  s t i c k - f i x e d  n e u t r a l  
p o i n t  t o  be a t  37.8 percent  mean aerodynamic chord 
i n s t e a d  of  4 C . S  mean aerodynamic chord as  p rev ious ly  
r epor t ed .  

Langley Mernoyial Aeronaut ical  Laboratory 
E a t i o n a l  Ad.visory Comdt tee  for Aeronaut ics  

Langley F i e l d ,  Va., October 16 ,  1944 

13. D. Fhi t e 
Aeronaut ica l  Engineer 

1:leIvin ET. ~ o u g h  
Chief of F l i g h t  Fiesearch Div is ion  
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TABLE I.- DETAILED CALCTJZATIOBS OF THE SEIFT IN 

- r 
~ 

~ -- 
1. C?, f t  (f%. 1) 

3 ' " / c 3  

4. 1 + (5) 
I da  prop 

5. z ~ ,  f t  ( f i g .  1) 

6.  D ,  p roFe l l e r  diameter ,  ft 

2.  z1, f t  ( f i g .  1) 
I 
I 

(fig. e ,  re ference  2) 
I 

1 

7 .  D 2  

8 .  1.3 3 r e fe rence  3 )  

Inboard 
p r c p l l e r  

15 *35 

5.6 

.625 

1.35 

15-55 

16-16 

261 

-43 

1900 

Ciutboard 
p r  ope 1 ler  

12.e 

10.3 

1 . jo  

15.05 

16.16 

261 

-43 

1722 
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- x  

a lu 
W 

r i d  x lo.- 
pc -.-- 

o r 4  
x lo- 

N r - l - l r c t i t i  

. . . .  I 

0 ri t ir  



r? 

r l  
c, 
Ccl -- a m  a- x -  

0 

-1 

03 

0 

I1 II II 



TABLE 111.- DETAILED CALCULATIONS OF TEE SEIFT IX 

1.27 

1.36 

1.9 

STICK-FIXED NEUTRAL POINT DLE TO THE: NACELLES 

2.06 

2.20 

5.1 

Sect ion 

7 .  b2 

8 .  Ax, ft (fig. 1) 
i 
9 .  (5‘J x ( 7 )  x ( s i  

X I 1 1  

15.35 

6.14 

-53 

2.28 

2.44 

5.1 

26.01 

8.14 

516.6 

X I V  1 xv 
12 .8  

’3.74 

* 76 

1.22 

i .30 

1 *9 

3 61 

2-74 

12.9 

516.0 + 13.5 + 483.2 + 12.9 = 1026.0 

T l  
2 x x 1026 = 3220 



k ,. 

i 

1. bL. E. > ft 

ft 2 *  bmiddle 

3 '  2bniddle 

ft 4. bT.E.9 

5- 3 b ~ . ~ .  
6. (1) + ( 3 )  - ( 5 )  

TABLE IV.- DETAILED CALCULATIONS OF THE SEIFT I N  STICK-FIXED 

VEUTRM, POINT DC. To THE EFFECT OF THE NACEXLES ON T Y I  " J N G  

Inboard nacelle 

5.33 

4.76 

9.52 

3.20 

9-78 

5 * Q 7  

7 .  cy ft 

e .  c3 
2 

1 9 .  (6) x ( 8 )  
! 
4 I -  

I 

Outboard n a c e l l e  

5 * 23 

4.70 

Outboard n a c e l l e  

5 * 23 

4.70 

9 .49 
3 *50 

19.50 

4.13 

12.5 

156.2 
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